The calculating estimation of the initial impulse response at a receiving point within an auditorium through the computer simulation has developed as one of the effective measures to obtain design information for room acoustic designing.
In simulating sound field in a room, it has generally been assumed to be a diffusive sound field. However, in analyzing the impulse response of a hall in terms of initial impulse response, which has a significant acoustic effect, the reflected sound from a wall surfaces reaches a receiving point discretely and not in a diffused state. Accordingly, such an assumption is not necessarily appropriate. This paper deals with the analysis of and experiments on the reflection response of finite rigid surfaces to acquire basic information for sound field simulation.
In the analysis, the areal integrals on reflecting surfaces are found through the application of the sound ray tracing method, which has originally been developed on the basis of geometrical acoustics, for the approximation of impulse response incorporating the effect of the wave motion of sound.
The appropriateness of the new finite sound ray integration simulation system is verified by proving the possibility of the approximation of a transfer function corresponding to the accuracy of simulation for the multiple reflection, through the 
Thus the input waveform At) shown in Fig.2 (a) is reproduced at the receiving point P.
When the surface element a. is a finite surface element as shown in Figs.4 (a) and4 (b as occasion demands. Therefore the density of sound ray affects the accuracy of calculation directly. Referring to Fig.6 , when sound rays radiated from a sound source S at an equal solid angle at points a, b, c and d on a surface P are reflected toward al, b1, c1 and d1respectively, the response of a point R to the reflection from the surface P is calculated on the basis of the passages of propagation from an imaginary sound source S' corresponding to an opening P'which is complementary to the surface P through points a, b, c and d to the point R.
In calculation, the response of the point R is calculated by superposing the secondary waves radiated from the surface P, taking into consideration the time differences resulting from the differences between the adjacent passages of the sound rays. When observed by time sharing process, the distribution of the velocity potential of the group of sound ray intersections on the reflecting surface P forms a ring as illustrated in Figs.3and4 . Desirably, the distribution of the velocity potential expands continuously with time.
Accordingly, when the primary wave f(t) is represented by the delta function (duration T=t1) of Fig.2 (a) , the sound ray interval needs to be determined selectively so that the time delay dt between the sound rays is smaller than t1/2, in order to reproduce the original primary wave by synthesizing the values of the sten function ( Fig.2(b) ) shifted by a difference dt. When the interval between the adjacent sound rays is d (one sound ray on a circle with a radius of d/2), frequency (m). The length l1corresponds to the distance from the final reflecting surface to the imaginery sound source relating to the final reflecting surface. Increase in the length l1causes the diameter d of an equivalent circle represented by one sound line to increase to some extent, however, the influence of the decrease in the solid angle on the imaginery sound source on the increase of the length l1is greater than that of the increase in the diameter d, the number of sound ray necessary for calculation increases.
Since the receiving point is defined arbitrarily, the distance l2 is represented, as a matter of convenience, by the mean free path in the room, in the case of a closed space. Figure 7 (a) shows the calculated impulse response obtained through simulation on a condition that one sound ray is distributed in the annular surface element of a radius d as shown in Fig.3 (b) (t=(r0/c)+ t1). Figure 7 (b) is similar to Fig.7 (a) showing the result of simulation in comparison with measured results, in which the density of sound ray is approximately five times the density of sound ray in Fig.  7 (a) . When the sound ray density is small as in the case of Fig.7 (a) , the curve of the calculated response is distorted. Since the receiving point is not fixed in a closed space, it is necessary to make the sound ray density large as shown in Fig.7 (b) . data thus prepared, a sound ray emitted by a sound source is traced by the use of the sound ray tracing program SRTM according to the conditions of simulation (the coordinates of the sound source, the repetition of reflection and analytic upper limited frequency) to obtain sound ray data. On the basis of the sound ray data and the frequency characteristics of the sound source, the response of each reflecting point is calculated by the use of a program RESP. In the operation of the program RESP, the characteristics of the material of each reflecting wall surface are simulated by obtaining a least square approximate polynomial from statistical incident sound absorption coefficient characteristics for every1oct. (125Hz to8kHz) and convoluting in the charac- teristics of128points on the frequency axis at every reflection. At the receiving point, the response of each sound ray is changed into time series data through inverse Fourier transform and composed by taking into consideration the distance between the last reflecting point and the receiving point, and the factor of inclination. The time series data of the transfer function at the receiving point calculated by the program RESP is provided according to a plotter output program XYP and, at the same time, the frequency characteristics of the time series data are determined through Fourier transform. In this simulation, frequencies other than the objective frequencies (125Hz to4kHz) are cut by a high-pass filter with90Hz cut-off frequency and a low-pass filter with5.6kHz cut-off frequency.
2.4•@ Superposition
In order to obtain the response of the simulation system to echo time pattern, which is often used for actual measurement of a hall, an echo time pattern of an arbitrary frequency can be provided by convoluting1oct. band noise of the frequency prepared by a computer in the transfer function.
According to the image method, the computersimulation of up to two repetitions of reflection in a closed space provided with many walls, such as a hall, has been possible, whereas, the computersimulation of up to10repetition of reflection is attained within approximately the same time by the use of the sound ray data prepared by the sound ray tracing program SRTM and the program ONSEN. Each data was subjected to AD conversion at a sampling frequency of40kHz.
The recorded data was processed through ten times of synchronous addition on the frequency axis to improve the SN ratio, and then a transfer function was determined.
The impulse response was calculated by the use of the following Eq. (13), (14) and (15) Accordingly, it was confirmed that the sound ray 
4.•@ FEATURES OF THE FINITE SOUND RAY INTEGRATION SIMULATION
From the results of foregoing examinations of the present simulation system, the present simulation system is featured by the following particulars.
(1) In a closed space provided with diffusive plates and walls of various sizes, the simulation system is capable of providing an impulse response including the effect of diffraction for a reflected sound 
